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Purpose: Incompetent perforating veins play an important role in the etiologic mechanism 
of venous ulceration and recurrent varicose veins. The anatomic and functional status of 
the venous ystem can be evaluated by duplex ultrasonography. To determine the value of 
this technique in the identification of competent and incompetent perforating veins, a 
prospective study was performed. 
Methods: In patients who underwent subfaseial exploration for venous ulceration of the 
lower leg, the preoperative findings of duplex ultrasonography were compared with the 
findings at surgical exploration. 
Results: In 20 consecutive patients, 42 incompetent and 8 competent perforating veins 
were detected by duplex ultrasonography. During operation the location of all 50 
perforating veins appeared to be predicted correctly. Eleven additional perforating veins 
that had not been detected by duplex ultrasonography were found during operation. The 
sensitivity and specificity of duplex ultrasonography in predicting the site of perforating 
veins at the medial side of the lower leg in our study were 79.2% and 100%, respectively, 
for incompetent perforating veins and 82% and 100%, respectively, for competent and 
incompetent perforating veins. 
Conclusion: These figures indicate that duplex-guided local exploration of the lower leg in 
patients with venous ulceration as a result of incompetent perforating veins would miss a 
substantial number of perforating veins, possibly leading to incomplete healing or 
recurrent ulceration. (J Vasc Surg 1997;26:49-52.) 
Knowledge of the distribution and exact localiza- 
tion of incompetent perforating veins of the lower 
leg is important in the treatment of (recurrent) vari- 
cose veins and venous ulceration. 1-7 The recent de- 
velopment of duplex ultrasonography (B-mode real- 
time ultrasound imaging combined with pulsed 
Doppler ultrasonography), especially with bi-direc- 
tional color-flow mapping, provides a simple, repeat- 
able, and noninvasive instrument for the study of the 
venous ystem, and numerous reports have shown its 
usefulness in the evaluation of patients who have 
chronic venous insufficiency, s-13 This technique has 
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the advantage of providing detailed anatomic infor- 
mation regarding the nature of the venous patho- 
logic condition and, in particular, is capable of dis- 
criminating competent veins from incompetent 
veins. In some centers, duplex ultrasonography is 
regarded as the gold standard for the diagnosis of 
venous disease. 14,15 However, studies concerning 
validation of duplex investigation of perforating veins 
can be faulted for having a poorly standardized pro- 
tocol, mixed study populations, or small numbers of 
patients, or for unjustly considering ascending or 
descending phlebography asthe gold standard. 9,16-2° 
This study was undertaken to determine, in a 
prospective way, the sensitivity and specificity of du- 
plex scanning with color-flow imaging in the identi- 
fication of competent and incompetent perforating 
veins of the lower leg compared with the operative 
findings during a modified Linton procedure (re- 
garded as the gold standard for evaluating the perfo- 
rating venous system of the medial side of the lower 
leg) 3 in patients with actual venous stasis ulceration. 
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Table I. Perforating veins on medial side of 
lower leg during preoperative Duplex 
ultrasonography 
Incompetent Competent False-negative 
Location veins veins veins 
0 to 5 cm 1 0 2 
6 to 10 cm 3 1 4 
11 to 15 cm 11 2 3 
16 to 20  cm 13 2 1 
21 to 25 cm 7 1 1 
26  to 30 cm 5 2 0 
31 to 35 cm 2 0 0 
36 to 40  cm 0 0 0 
Tota l  42 8 ] 1 
Measurements  were made in cm f rom the sole o f  the foot.  
PATIENTS AND METHODS 
The study series comprised 20 consecutive pa- 
tients, four mcn and 16 women with a mean age of 
70.4 years (range, 36 to 89 years), who underwent a 
modified Linton procedure for venous ulceration of 
the lower leg between January 1, 1994, and March 1, 
1995, at the Sint Franciscus Gasthuis in Rotterdam. 
The study was approved by the hospital medical 
ethics committee, and informed consent was ob- 
tained in all cases. All patients had been found to 
have chronic venous insufficiency that had been 
graded class 6 according to the classification of the 
Society for Vascular Surgery and the International 
Society for Cardiovascular Surgery. 21 None of the 
patienfs had an arterial component to their ulcer- 
ation, as determined by clinical examination and a 
resting arterial Doppler anlde-brachial pressure index 
grcater than 0.8. 
Patterns of venous insufficiency were determined 
by color-flow duplex ultrasonography b  an experi- 
enced vascular technologist before operation and 6 
weeks after surgery. All measurements were madc 
using a linear-array transducer with a 7.5 MHz imag- 
ing/5 MHz pulsed-wave Doppler color-flow duplex 
system (P700, Philips Medical Systems, Eindhoven, 
The Netherlands) with the patient in a near-upright 
standing position. 
The evaluation for perforating veins began by 
tracking the posterior tibial veins and posterior arch 
vein, and by picking up the perforating veins as they 
issue forth from thesc veins. Attention was then di- 
rected to the rest of the calf, where the entire medial 
and posterior aspects were evaluated as described 
previously by Hanrahan et al.9 Perforating veins were 
defined as vessels that penetrate he fascia nd consti- 
tute continuously traceable connections between the 
superficial and deep venous ystems. The only critc- 
rion for insufficiency was reverse venous flow (greater 
than 0.3 seconds) 22 demonstrated on the Doppler 
spectral display during the relaxation phase, after 
active dorsiflexion of the anlde or manual compres- 
sion of the foot. A sterile conductivity gel and trans- 
parent dressing were used for the duplex evaluation 
of the ulcer bed. 9 The number, localization, and 
insufficiency of the perforating veins at the medial 
side of the lower leg were noted. The distance from 
each perforating vein to the sole of the foot was 
measured in centimeters. 
Subfascial ligation of perforating veins by medial 
access (modified Linton procedure) was performed 
without ourniquet control and with the patient un- 
der spinal anesthesia. With the patient in a slight 
Trcndelenburg position, a longitudinal incision was 
placed medially and was extended from the sub- 
geniculate area near the condyles downward through 
the ulcer to the medial malleolus. The incision ex- 
tended through the skin, subcutaneous ti sue, and 
crural fascia, avoiding subcutaneous dissection. The 
dissection continued inthe subfascial plane anteriorly 
up to the anterior edge of the tibia and posteriorly up 
to the midline. All medial perforating veins were 
identified, ligated, and divided. The number and 
localization of the veins were registered, and the 
distance to the sole of the foot was measured. In 
addition, patients who had saphenofemoral incom- 
petence or incompetence of the long saphenous vein 
on duplex ultrasonography underwent flush saphe- 
nofemoral ligation and stripping of the long saphe- 
nous vein from the groin to a level just below the 
knee. 
An incompetent perforating vein was judged to 
have been correctly predicted by duplex ultrasonog- 
raphy if it was found to be within 1.5 cm of the site of 
a perforating vein that was found at surgery. The 
number and localization of perforating veins de- 
tected with duplex ultrasonography were evaluated 
for sensitivity and specificity. 
RESULTS 
In 20 patients, 42 incompetent perforating veins 
were found on the medial side of the lower leg by 
preoperative duplex ultrasonography (range, 1 to 5; 
mean, 2.1). In six patients, eight competent perforat- 
ing veins were detected. The locations of the perfo- 
rating veins are given in Table I. Concomitant super- 
ficial and deep venous incompetence w re present in 
14 and 15 patients, respectively. 
During operation a total of 61 perforating veins 
were detected and ligated (range, 1 to 6; mean, 
3.05). The sites of all 42 incompetent and eight 
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competent perforating veins were predicted correctly 
by duplex ultrasonography before surgery. No false- 
positive perforating veins were detected at operation. 
During subfascial exploration of the medial side of 
the lower leg, however, 11 additional perforating 
veins that had not been visualized before surgery 
were detected in 8 patients. Four of these veins had a 
diameter greater than 3 mm. The distribution of the 
11 false-negatives for duplex ultrasonography is 
given in Table I. 
All 20 patients completed follow-up evaluation 
and appeared for examination 6 weeks after surgery. 
No perforating vein could be found in any patient by 
duplex ultrasonography. Three months after the op- 
eration, the ulcers of 17 of the 20 patients had 
healed. 
In relation to the findings at operation, the sensi- 
tivity of duplex ultrasonography in predicting the site 
of incompetent perforating veins in patients with 
venous ulceration of the lower leg is 79.2%, and the 
specificity is 100%. The sensitivity and specificity of 
duplex ultrasonography in our study in predicting 
the site of competent and incompetent perforating 
veins is 82% and 100%, respectively. 
DISCUSSION 
Numerous reports have supported the impor- 
tance of perforating vein incompetence in the cause 
of persistent and recurrent varicose veins and venous 
ulceration of the lower leg. 9,23 2~ Surgical igation of 
these incompetent perforating veins has been re- 
ported as giving good long-term results, but because 
of the absence of predilection sites 26 and difficulties 
in accurate preoperative localization, 3 this usually 
necessitated subfascial surgical explorations through 
long incisions, frequently associated with postopera- 
tive necrosis of the wound margins or delayed wound 
healing. 27 
The recent development of duplex ultrasonogra- 
play allows for a detailed evaluation of the anatomic 
and functional status of the perforating system, as 
well as of the deep and superficial systems.9 As a 
consequence, duplex-guided ligation of the incom- 
petent perforating veins through multiple small local 
incisions in the natural skin lines has previously been 
advocated. 2° 
To our lmowledge, however, no prospective 
study comparing the location of incompetent perfo- 
rating veins found on duplex ultrasonographic exam- 
ination and the findings of a thorough surgical explo- 
ration of the lower leg in a homogeneous group of 
patients has been reported. We have used the full 
surgical exploration of the medial side of the lower 
leg in patients surgically treated for their venous 
ulcers as the gold standard for calculation of the 
sensitivity and specificity of duplex ultrasonography 
in detecting perforating veins in these patients. The 
complete absence of perforating veins on duplex ul- 
trasonography 6 weeks after surgery in all of our 
patients confirms the thoroughness of this proce- 
dure. The prevalence of perforating veins in our 
study coincides well with previously published re- 
ports of operated patients with venous ulcer- 
ation.5,28, 29 
Having an excellent specificity, duplex ultra- 
sonography did miss, however, one or more perforat- 
ing veins on the medial side of the lower leg in 40% of 
the patients in this study. Several explanations can 
account for these false-negatives. The transmission of 
the ultrasound beam in this group of patients might 
be hampered by the venous ulcer and area oflipoder- 
matosclerosis, as reported by others, a° or by the 
preceding use of zinc paste. This may explain why 
more than 60% of the false-negative ins were found 
between 6 and 15 cm above the sole of the foot, 
which is the anatomic area that is most likely to be 
involved by ulceration. Second, some inaccuracies of 
duplex ultrasonography can be explained by the fact 
that some perforating veins found at operation were 
in close contact to the medial crest of the tibia, which 
is an area visualized with difficulty by duplex ultra- 
sonography. Finally, perforating vessels maller than 
1 mm in diameter, especially when they are compe- 
tent, are not visualized easily with duplex ultrasonog- 
raphy and it is difficult to assess flow and direction of 
flow within them. 1° Although it is questionable 
whether these last perforating veins contribute signif- 
icantly to the disease process, we believe that the 
number of false-negatives in our study does have 
important therapeutic onsequences. In patients 
who have venous ulceration or recurrent varicose 
veins for which ligation of all incompetent perforat- 
ing veins is the only definitive treatment, a full surgi- 
cal exploration would appear to be the only certain 
approach. Because all false-negative p rforating veins 
were found between 0 and 2,5 cm from the sole of 
the foot, it could be argued that local exploration 
through small, duplex-guided incisions will suffice 
only in the upper third of the lower leg. 
CONCLUSION 
The results of this study demonstrate duplex ul- 
trasonography to be an important noninvasive 
method for the identification of perforating veins in 
patients who have venous leg ulcers. Its relatively low 
sensitivity of only 79.2%, however, argues for a corn- 
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plete subfascial explorat ion of  the lower leg dur ing  
the operat ion in patients who have venous ulcerat ion 
as a result o f  incompetent  perforat ing veins instead o f  
local explorat ion gu ided by preoperat ive duplex ul- 
t rasonography only. To  min imize  the inc idence of  
postoperat ive wound compl icat ions that are notor i -  
ously associated with direct surgical explorat ion,  new 
endoscopic  approaches have been developed recently 
to explore the entire subfascial space, avoiding the 
necessity o f  a long  skin incision. 29,31 
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